Abstract: The flower of Rhododendron luteum (L.) Sweet has a pentamerous structure with radial symmetry. The anthers filament surface is covered by dense non-glandular hairs to the half of the height. The tubular anther dehisces along creating two openings in the anther-sac walls and the viscous pollen is released through two splits along the anther lobes. The pistil is pentamerous and the axial channel is filled with a mucilaginous secretion product which is continuous with the exudate on the stigma surface. The stigmatic papillae are densely packed and their exudate is stained intensively red for carbohydrates, while pollen grains are stained positively for lipids. The five-locular ovary has isomerous carpels (syncarpous gynoecium) and the ovary surface is covered by numerous, densely-packed glandular and non-glandular hairs protecting the nectar against transpiration. Numerous ovules per locule occur with one integument and a thin-walled megasporiangium. In carpels, oil cells occur sporadically as solitary idioblasts, located around the vascular bundles. Transmitting tissue cells contain a large central, electron translucent vacuole, filling most of the cell containing dark osmiophilic bodies homogenous or granular in appearance.
Introduction
Rhododendron (Ericaceae) is a large genus comprising about 1,000 species endemic to Europe, North America, South-East Asia, China, Japan and Australia (Heywood 1993) . Among them, Rhododendron luteum (L.) Sweet (honeysuckle azalea) is native to Eastern Europe (Caucasus-region), Northeast Lithuania and Poland. It is often used in floriculture as a decorative plant and also because of its resistance to frost. In Greece, R. luteum is found only on the island of Lesvos in the Aegean Sea, at an altitude ranging from 60 to 799 m above sea level. The area harbours the only endemic colony of the plant favored by the acidic soil.
R. luteum is a deciduous shrub of vigorous growth, densely branched, upright, with an average height of 4.5 m. In the pine forest ecosystems of Pterounta (Lesvos Island) it grows in humid, clay and sandy soils at an altitude from 60 up to top of the mountain Profitis Elias (799 m). The scented flowers are hermaphrodite (have both male and female organs) and entomophilous (pollinated by the insects, mainly bees). Stems are pubescent and leaves are lanceolate, up to 12.5 cm long, sparsely covered on both sides with stiff, flat hairs. In the Mediterranean climate the plant grows in semishade (light woodland) areas and can tolerate drought.
Floral nectaries of R. luteum and of some other species of the Ericaceae family produce nectaries rich in grayanotoxins, mainly grayanotoxin I (andromedotoxin), which can be poisonous to humans. A well known intoxication involves eating of "mad honey" contaminated by rhododendron nectar grayanotoxins (Martini et al. 1990; Martinet et al. 2005; Gunduz et al. 2006) . The honey made from bees fed on the Rhododendron species, which grow on the mountains of the eastern Black Sea region, has also toxic features.
Grayanotoxins occur exclusively in Ericaceae plants and are the compounds responsible for poisoning (Onat et al. 1991; Sutlupinar et al. 1993) . Honey poisoning had first been described in 401 BC by Xenophon (Xenophon: Anabasis, VIII, pp. 15-21) Greek author and military commander (Leach 1972) . In the 19 th century grayanotoxin/mad honey poisoning was reported in Europe and North America (Gunduz et al. 2008) . On the island of Lesbos, sheep and goat intoxications were often report after R. luteum leaf consumption.
Because of the floristic and historic importance of R. luteum, as a consistent component of the Black Sea vegetation and its dominance over wide areas as well as because of the plant endemism in the Island of Lesvos, we have undertaken a study focused on the morphological and anatomical features of the flower. The principal goal is to contribute to the knowledge of the structure and function of the floral nectaries, specifically those secreting toxic nectar. The information in the literature regarding the floral anatomy and the nectary function is very limited although it is known that granyanotoxins are found in the flower pollen, nectar and other parts of R. luteum. On the other hand, the toxic effects of "mad honey" poisoning and the possible patient treatment were well described (Gunduz et al. 2008 (Gunduz et al. , 2009 ).
Material and methods
Open flowers and buds of Rhododendron luteum were collected from a hill about 30 km southwest of the town of Mitilini, in the area of Pterounta (Lesvos Island, Aegean Sea) (Fig. 1) . Segments of flower parts were fixed in 2.5% glutaraldehyde and 2% paraformaldehyde in 0.05 M cacodylate buffer for 3 h. After post-fixation in 2% osmium tetroxide and dehydration in an ethanol series, the tissue was embedded in Spurr's epoxy resin (Spurr 1969) . Semi-thin sections (0.5-1.0 µm in thickness) from the resin embedded tissue were stained with 0.5 % toluidine blue in 5% borax for light microscope (LM) observations. Ultrathin sections (0.08 µm) were examined using a Zeiss 9 S-2 transmission electron microscope (EM).
For scanning electron microscopy (SEM), specimens were fixed in cacodylate-buffered glutaraldehyde without osmium post-fixation. After dehydration in an ethanol series (10-100%), specimens were critical-point dried with liquid CO2 and coated with gold on a CS 100 Sputter Coater. Observations were made using a BS-340 Tesla scanning electron microscope at various accelerating potentials.
To stain the lipophilic substances, semithin sections (1-2 µm) of fixed material or hand-cut sections of fresh flowers were stained with 1% Sudan Black B (Bronner 1975) or 2% osmium tetroxide (Molisch 1923) , respectively. For the identification of the phenolic compounds the following histochemical reagents were applied on fresh hand-cut sections. a) DMB reagent (0.5% solution of 3,4 dimethoxybenzaldehyde in 9% HCl). This forms a red reaction product with condensed tannin precursors (Mace and Howell 1974) . b) Millon's reagent as modified by Bakker (1956) . With this stain, colored nitrosoderivatives of any phenols become evident (Sawidis 1991 (Sawidis , 1998 .
For polysaccharide staining, semithin sections of fixed or fresh material were treated with the periodic acid-Schiff's reagent (PAS), according to Nevalainen et al. (1972) and examined with LM. Ultrathin sections treated with periodic acid-thiocarbazide silver proteinate (PA-TSH-SP), according to Thiery (1967) , were examined for polysaccharides at the EM level.
Results and discussion
Floral morphology R. luteum is a floriferous species with yellow, exquisitely scented, nectariferous flowers, crowded together in umbels (about 12 flowers per cluster) at the tip of the shoots (Fig. 2) . The overproduction of flowers may allow the plant to compensate for environmental variations and provides maternal chance in selective abortion of fruits and seeds (Ehrlen 1991; Burd 1998) . Rhododendron species are commonly pollinated by bumblebees and honeybees (Kudo 1993; Escaravage et al. 2001) . Thus the entomophilous flowers of R. luteum secrete considerable amounts of nectar which are involved in pollination. As in many other insect pollinated species, nectar is used to reward insects that, in turn offer a beneficial relationship (Simpson & Neff 1983; Dobson 1994) .
The R. luteum flower has a bell-shaped gamopetalous, pentamerous structure with radial symmetry characterized as actinomorphic flower (Fig. 3) . The corolla has a length of 40-45 mm and consists of five elongated yellow petals, while the length of the corolla tube is 16-18 mm. The outer part of the corolla tube is covered with glandular and non-glandular hairs. Glandular hairs are multicellular, 100-800 µm in length, have a green-yellow coloration at the base and they contain a pink secretion on the head. The calyx consists of five green, heavily sclerified sepals. Flower development and structure are intimately related to the natural process of seed set and fruit development (Koltunow et al. 2002; Cox & Swain 2006) .
Androecium
The five fertile androecial members of the perianth, the stamens, are conspicuously long (40-45 mm) extending beyond the corolla. They are composed of a yellow firm filament and an orange anther (Fig. 4) . The surface of the filament is covered by dense non-glandular hairs to the half of the height (Fig. 5) . At anthesis, the filaments are straight and the anthers are close together. The filament in cross section has a round to oval profile and bears one central vascular bundle (Fig. 6 ). In the central inner area the epidermal cells appear swollen.
Following flower opening, the tubular anther dehisces along creating two openings in the anther-sac walls (Fig. 7) . The poricidal anthers i.e. tubular anthers opening by apical pores on the top, is characteristic of the Ericaceae family. Pollination starts by spilling out of the pollen grains, which follows stamen vibration during bumblebee activity transmitted to the anthers of the Rhododendron flowers (King & Buchmann 1995) . Pollinating bees receive pollen grains on their ventral surface from the declinate stamens as they alight on the lower lobes (Stevens 1978) .
Style
The length of the basifixed central style is 52 mm and the stigma attains its full length above the withered stamens extending beyond them. The wet stigma opens via a mucilaginous pathway towards the ovary. The insects visiting the flower bring pollen which sticks on the stigma surface touch (Fig. 8) . Pollen grains (male gametophytes), after arriving at the receptive tissue of the wet stigma, hydrate and germinate readily in the stigmatic exudate developing a pollen tube in which sperm cells are transported via the style to the ovule (Erbar 2003) .
In style cross-section there is a central region of transmitting tissue distinguished by five radial regions, each accompanied by a vascular bundle consisting of both xylem and phloem. The transmitting tissue is surrounded by several layers of parenchymatic cells while a one-layered epidermis, with a thick, uneven cuticle, covers the style. The axial channel is filled with a mucilaginous secretion product, which is continuous with the exudate on the stigma surface. The mucilage has been cytochemicallly identified by its positive staining with Periodic Acid -Schiff (PAS) reaction for polysaccharides (Fig. 9) .
Stigma
The upper region of the style differentiates into the secretory structure of the stigma. Mucilage is stained positively by its affinity for toluidine blue, indicating the presence of charged polysaccharides. The stigmatic papillae are densely packed and stained blue upon toluidine blue treatment (Fig. 10) . The papillate stigma of R. luteum is classified as "wet", since at the receptive stage the surface is covered with a sticky exudates secreted by the stigmatic papillae. Pollination and pollen grain germination occur on the stigmatic papillae, situated at the distal end of the ovary, away from the flower base.
The stigmatic exudate is stained intensively red for carbohydrates while pollen grains are stained positively for lipids (Fig. 11) . Pollen grains are stained with Sudan Black B indicating the presence of lipids in the exine. Intense staining with PAS reaction indicates the presence of insoluble carbohydrates (Fig. 11) . In TEM micrographs after the PA-TSH-SP reaction, the mucilages showed a follicular network (Fig. 12) . The carbohydrates of the exudate provide together with the lipids, proteins and pectic substances the requirements for the germination of the pollen grains and the growth of the pollen tubes (Clifford & Sedgley 1993) .
The 5-channeled stylar cavity contains soluble polysaccharides which become histochemically visible when the cavity is cut longitudinally. The stylar channel area is filled with mucilage and surrounded by lipid-rich metabolic active cells of transmitting tissue (Fig. 13) . The transmitting tissue consists of elongated secretory cells and their secretory products accumulate in the stylar canal. Lipid-rich mucilage inside the stylar canal supports the development of pollen tubes (Castro et al. 2009 ). The rate of mucilage staining varies quite a lot along the pistil, suggesting the presence of zones with different chemical properties. Mucilage of stylar canal play an important role in controlling pollen tube movement to the ovule.
Stigmatic papillae are elongated with prominent nucleus and dense cytoplasm. The cytoplasm of the parenchymatic cells beneath the stigmatic papillae contains starch grains, as shown by PAS staining (Fig. 14) . Large amyloplasts, darkly stained, are also seen widely in the placental cells (Fig. 15) . Following pollination and pollen tube development starch grains in the stylar cortex are depleted to a higher degree. These cellular characteristic changes are in accordance with high metabolic and secretory activities, since starch serves as a nutritional reserve for many species (Schmidt-Adam & Murray 2002; Sawidis et al. 2008 ).
Ovary
The central and superior ovary is relatively long (3.5-4.5 mm) located above the flower parts namely calyx, corolla and androecium (Fig. 16) . The ovary surface is covered by numerous densely-packed glandular and non-glandular hairs (Figs 17, 18) . These hairs form a sort of "barrier" to the outer environment, facilitate the nectar "to go above" and protect against transpiration (Sawidis et al. 2008) . Nectar water evaporation leads to an exponential increase of viscosity, which makes nectar collection by bees problematic (Manetas & Petropoulou The light green, five-locular ovary has isomerous carpels, the lateral faces of which fuse with each other (syncarpous gynoecium). Each of the 5 channels connects with an ovary loculus, which itself is not filled with mucilaginous material. Numerous ovules per locule occur with one integument and a thin-walled megasporiangium. The ovules are anatropous with the micropyle close to the placental surface near the funiculus. The axial placenta elongates inwards into a bilateral stalk of two closely-packed parts which are surrounded by a one-layered epidermis. Ovules which fill the whole loculi space hang from the bilateral stalk (Fig. 19 ).
Carpel
When semithin or hand-cut carpel sections are exposed to Sudan Black B, numerous parenchyma cells are intensely stained brown to black. In carpels, oil cells occur sporadically as solitary idioblasts and they do not differ greatly by size from the neighboring cells (Fig. 20) . In the carpel mesophyll, oil cells are located around the vascular bundles and accumulate abundant oil. Dark-stained cells are evenly distributed throughout the carpel mesophyll. Fresh material tested in 2 % osmium tetroxide, presented the typical reaction of lipophilic substances as well, whereas both polyphenolic stains applied to sections of fresh material reacted negatively.
Transmitting tissue
Transmitting tissue originates in the stigma and spans the entire style, secreting a mucilaginous matrix, positive for carbohydrates and lipids. Lipids are an essential component needed for pollen tube growth and penetration (Wolters et al. 1998 ). It provides guidance and an adequate environment for pollen tube development and nutrition over a long distance through the style from the stigma toward the ovary (Erbar 2003) . On the other hand, the transmitting tissue is the main place of pollen tube competition for access to ovules. Only the faster growing tubes achieve fertilization on the basis of genetic differences. It is known that pollen tube growth is heterotrophic and this growth takes place at the expense of the reserves of the transmitting tissue. Thus the availability of these reserves may affect the number of pollen tubes growing within the style (Herrero & Hormaza 1996) .
After conventional fixation, the parenchyma cells of the transmitting tissue reveal abundant oil deposits in their large central vacuole displaying an enhanced electron-density. Most of the transmitting tissue cells contain a large central, electron translucent vacuole, filling most of the cell. Many cells, however, contain in their vacuoles dark osmiophilic bodies which are homogenous or granular in appearance (Fig. 21) . In placental bilateral elongation, cells containing phenolic compounds are peripherically arranged. The osmiophilic vacuolar material exhibits various shapes (Fig. 22) . Each ovule is attached via a funiculus to the placental region of the carpel. A mature ovule is surrounded by a single integument that emerges from the base of the nucleus. The epidermal cells of the integument contain osmiophilic globular bodies arranged peripherally in the marginal cytoplasm (Fig. 23) . These electron dense globules are visible even in non contrasted thin sections.
